Objective: To understand the relationship of health-related quality of life (HR-QOL) to early life experience.
In the health-related disciplines there has been a growing recognition of the importance of assessing health outcomes in terms of quality of life, in addition to traditional measures of morbidity and mortality. Quality of life refers to an individual's subjective perception of overall well-being and satisfaction with life. It is a multidimensional concept reflecting both fulfilment and function in the spheres of everyday life, including physical, psychological, social and vocational/educational domains. [1] [2] [3] Bjerager et al. 1995 identified four universal human needs and defined quality of life as the degree of fulfilment in each of these areas -elementary biological needs, warm human relationships, meaningful occupations and diverse and stimulating experiences. 4 Health-related quality of life (HR-QOL) refers to the impact of illness or adverse circumstances on well-being and life satisfaction in relation to the individual's perception of their predicament. 5, 6 Extensive research exists on the measurement of HR-QOL in children and adolescents in relation to current life circumstances and the impact of specific diseases. 3, 7 Cross-sectional studies have evaluated HR-QOL in association with a range of health and behavioural disorders, including studies in Australia examining adolescent well-being, 8 obesity 9 and diabetes. 10 If HR-QOL is to be used to evaluate overall well-being in children or as an outcome measure for specific interventions, it is important to identify its antecedent determinants, as quality of life is likely to reflect whole life experience. Longitudinal prospective studies are necessary in order to develop an under-standing of this relationship between early life experience and later health-related quality of life.
Research of children's psychological development indicates that early behavioural problems often persist into late childhood/ early adolescence and predict later psychopathology. [11] [12] [13] Prospective follow-up studies in this area show that the best predictors of outcome are indicators of initial problem severity, parenting behaviour, cognitive functioning and indicators of family mental health and social adversity. [8] [9] [10] [11] [12] Using this developmental model our hypothesis was that factors associated with disadvantage in the first 5 years of life would predict lower health-related quality of life in adolescence. Our aim was to identify these factors and examine their relative impact on adolescent quality of life.
METHODS Subjects
Data for this study were derived from the Mater-University of Queensland Study of Pregnancy (MUSP). The original sample consisted of 8556 women identified consecutively at their first antenatal clinic visit between 1981 and 1984. All but 98 (1%) agreed to participate in a longitudinal study and subsequently there were 7661 singleton deliveries in the birth cohort.
14 Data were collected antenatally, perinatally, at 6 months post-delivery and at 5 years, when mothers lost to follow-up were younger and had lower levels of both income and education than participants. 15 At 13 years 5278 mothers agreed to participate in follow-up assessment. Parent and adolescent quality of life questionnaires were included as part of the follow-up program only for those children seen towards the latter phase of the 13 years follow-up, with data available for 901 mothers and teenage respondents.
Outcome measures
Health-related quality of life was measured using the Child Health Questionnaire -Parent Report (CHQ-PF50) which assesses the child's physical, emotional and social wellbeing. 16 The present study employs the original CHQ-PF50 questionnaire, which is based on normative data from the United States, as the Australian version17 became available only after conclusion of this study. The 50 item questionnaire seeks a rating of general health, physical functioning, bodily pain/discomfort, limitations in schoolwork and activities with friends due to physical problems or emotional/behavioural difficulties, behaviour, mental health and self-esteem over the preceding 4 weeks. The questionnaire also assesses family burden due to limitations in family activities and family cohesion, and change in health over the past year. By summating the means for individual items of the CHQ-PF50 a profile is obtained for each of the 14 health domains. Two summary component scores of physical (PHS) and psychosocial health (PSS) were obtained by aggregates of the individual scale scores using the weighting procedure described in the Manual. Within the MUSP data, eight of nine subscales had Cronbach alpha value of = 0.7. If all items comprising the PHS and PSS scales were included without weighting, the alpha value for PHS was 0.86 and for PSS 0.91. A factor analysis similar to that described in the Manual was generally consistent with their being two broad dimensions of physical and social well-being. Discriminant validity of the subscales as measures of physical and psychosocial health status has been demonstrated on comparison on CHQ scale scores between clinical samples and the normative sample. 16 Adolescents completed the Dartmouth COOP Functional Health Assessment Charts for Adolescents. 18, 19 The Dartmouth charts are designed to asses HR-QOL in six domains, entitled 'Physical Fitness, Emotional Feelings, Schoolwork, Social Support, Family and Health Habits'. Each picture-and-word chart refers to the adolescent's status over the previous 2-4 weeks, with levels of function or well-being along a 5 point ordinal scale. The Dartmouth charts have been shown to have acceptable test-retest reliability and correlation with corresponding multi-item questionnaires, while adolescents report that the charts are easier to understand than multi-item questionnaires. 20 Evidence of previous studies indicates both internal consistency and discriminant validity. [20] [21] [22] No overall composite score is available for the Dartmouth charts. We are not aware of any studies examining the use of the Dartmouth charts in an Australian context though they appeared simple to use and to have 'face' validity.
Potential early childhood predictive factors of adolescent health-related quality of life were identified in five categories including sociodemographic factors, pre/perinatal factors, maternal mood disturbance, maternal attitude to caregiving and child health and behavioural characteristics. A summary of the predictor variables is presented in Table 1 .
Statistical analysis
One way analysis of variance (ANOVA) of mean scores for PHS and PSS was initially performed for predictor variables within each of the five categories. Because many of the factors are interrelated, adjusted analyses were initially performed within each of the five predictor categories for PHS and PSS with predictors being added simultaneously to the model. Subsequently significant factors from each of the five adjusted analyses were selected and entered into multiple A N O V A models for PHS and PSS with this analysis being restricted again to subjects with complete information. The tables showing this final analysis for PHS (Table 3 ) and PSS (Table 4 ) included unadjusted scores together with score adjusted for the presence of all other factors shown in the Table. The Dartmouth chart scores were examined by Kruskal-Wallis one-way analysis of variance. Correlations between the Dartmouth charts and CHQ-PF50 PHS and PSS were calculated using Spearman rho coefficients. Because of potential gender differences in outcomes in the cohort of biological and social risk, all analyses were repeated separately for boys and girls. A two tail P-value < 0.05 was taken to indicate statistical significance. All data were analysed using SPSS software program.
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Predictive factors
Factors were selected on the basis of literature suggesting an association with dimensions of quality of life in adolescence and also their availability within the MUSP database. These risk factors were grouped into the five categories as shown in Table 1. 1 Sociodemographic predictor variables: These included maternal age at entry to the study, level of maternal educational attainment at entry and number of partner changes between the prenatal period and five years. A composite index of chronic family poverty was derived from estimates of gross annual income obtained at each assessment up to 5 years.
2 Prenatal and Perinatal variables: These included birth-weight, gestation, gender and number of medical visits for the infant in the first 6 months. Mothers' perceptions of well-being during pregnancy was measured as a seven item index administered 3-5 days after delivery. Mothers were asked if and to what degree they experienced a range of common pregnancy related symptoms (e.g. morning sickness, constipation, backache, leg cramps, vaginal problems). Overall degree of difficulties was rated by number of symptoms. Experiences during delivery reported by mothers at 3-5 days after delivery were assessed with a six item index including a range of common delivery-related problems (e.g. predelivery enema, severe pain during labour, induced labour, vaginal tear/episiotomy). Three categories were derived and classified as few, some or a lot of problems during delivery. Child health during the first six months of life was assessed with a nine item index asking how often target children had experienced a range of infant medical symptoms with subjects classified into three categories reporting either 0-3 symptoms, 4 symptoms or >-5 symptoms.
3 Maternal attitude to caregiving: These variables included the maternal attitude to pregnancy and satisfaction in care-giving at 6 months. The degree to which the pregnancy was planned was assessed prenatally with a four item index (Cronbach alpha = 0.89) asking mothers to what extent the pregnancy was planned and/or wanted and whether the subject's method of family planning had failed. Subjects were classified into the categories of either unplanned/unwanted, unsure or planned/wanted pregnancy.
A measure of maternal attitude to caregiving at 6 months follow-up was assessed with a six item index (Cronbach alpha = 0.76). Mothers were asked how positive they currently felt about interacting with and caring for their baby. They were classified as feeling positive either not always, mostly or always.
4 Maternal mood disturbance: Measures were obtained antenatally, postnatally at 3-5 days after delivery, at 6 months and 5 years using the depression subscale of the Delusions Symptoms States Inventory (DSSI). 24 The DSSI was developed for use with community samples and has been validated against clinical samples with diagnosed mental illness. 24, 25 For the current cohort, the seven item depression subscale had Cronbach alphas ranging from 0.77 (prenatal) to 0.86 (5 years). For categorical analysis, the sample was divided into depressed (>4 symptoms) and non-depressed subjects. Maternal anxiety was similarly measured based on the anxiety subscale of the DSSI.
5 Child Health and Behaviour: At 5 years child behaviour was measured using a modified Child Behaviour Checklist (CBCL). Of the 31 items belonging to the three second order factors identified by Achenbach in the CBCL, 11 items belonged to the externalizing scale (Cronbach alpha 0.84), 10 to the internalizing scale (Cronbach alpha 0.75) and 10 items to the remaining scale which comprised social, attentional and thought problems (Cronbach alpha 0.75). The validity of the modified CBCL compared to the full CBCL has been previously described. 26 The top approximate 10 per cent of children in each scale within the MUSP cohort were classified as having a behaviour problem.
Child health at 5 years was assessed by the frequency of illness and frequency of doctor visits over a 6-month recall period. From this data three frequency categories were derived. A maternal rating of the child's overall health status, described as excellent, good or poor was also requested. Mothers reported the number of hours of childcare attended per week within four categories -nil, 1-10 h, 11-20 h and > 21 h. 
RESULTS
The study sample of 901 adolescents comprised 11.8% of the original birth cohort with participants at 13 years follow-up being less likely to meet criteria for social disadvantage, (i.e. low income, low maternal educational level, young maternal age at delivery and marital status other than married) ( Table 2) . A similar comparison to that in Table 2 was performed between the 901 adolescents in the study group and the remainder of the sample participating at 13 years. Maternal age, marital status and gender were similar in the two groups, though mothers in the current study had a higher level of education and income than the remainder of the 13 years follow-up cohort.
Maternal report of adolescent HR-QOL
Unadjusted and adjusted analyses were performed for factors within each of the five predictor categories, with factors significant in each of these adjusted analyses being included in the final models for PHS (Table 3) and PSS (Table 4) . Compared to population norms in the United States, boys in this study had higher mean scores for PHS (54.4 compared to a 52.4 for US normative sample) and PSS (51.6) compared to 50.7 for US normative sample), while for girls the mean PSS score was higher (52.8 compared to 51.9 for US normative sample) and mean PHS score was similar to US norms (54.3 compared to 54.9 for US normative sample).
17 There was no significant association between PHS and any sociodemographic predictor variable. Lower PSS was associated with younger maternal age at first visit (P = 0.01), greater number of maternal partner changes in the first 5 years (P = 0.001) and chronic poverty, though the latter did not reach statistical significance (P = 0.08).
For prenatal and perinatal predictive variables a lower PHS score was associated with prematurity (P = 0.03) and increased frequency of pregnancy (P = 0.001) and delivery symptoms (P = 0.05). Lower PSS scores were associated with male gender (P = 0.04) and increased frequency of infant health symptoms in the first 6 months (P = 0.001).
For the third category of maternal attitude to caregiving, greater hours of childcare at 5 years predicted a higher PHS score (P = 0.04). Mothers who were initially ambivalent about pregnancy reported a lower PSS (mean PSS 49.8, P < 0.001), though surprisingly those whose pregnancy was unplanned and unwanted had similar PSS scores (mean PSS 52.1) to those where pregnancy was both planned and wanted (mean PSS 52.9). Maternal satisfaction with caregiving at 6 months also predicted a higher PSS in adolescence (P < 0.001).
For the category of maternal mood disturbance only maternal anxiety at 6 months shows a significant negative association with PHS (P = 0.02), while maternal depression at 6 months was associated with lower PSS in adolescence (P = 0.03).
Children with significantly aggressive behaviour at 5 years had lower scores for both PHS (P = 0.02) and PSS at 13 years (P = 0.01). Internalizing behaviour problems (P = 0.01) and social/attentional/thought problems (P < 0.01) at 5 years showed significant negative associations with PSS but not PHS. Maternal rating of overall child health at 5 years was a significant factor associated with both PHS (P < 0.001) and PSS in adolescence (P = 0.02). 
Adjusted analysis for PHS and PSS
In summary for the Physical Health Summary score significant factors included maternal pregnancyrelated symptoms, gestation, problems with delivery, maternal anxiety at 6 months, rating of overall child health at 5 years, aggressive behaviour problem at 5 years and hours of child care at 5 years (Table 3 ).
In the adjusted analysis all factors except problems with delivery (P = 0.16) and aggressive behaviour problem at 5 years (P = 0.14) remained significant predictors of PHS (Table 3) . Similar results were obtained for boys and girls on separate analysis. The adjusted analysis included 694 subjects with complete data. Those excluded were more likely to have young maternal age (P < 0.001), lower educational level (P = 0.03) and female children (P = 0.04).
In the adjusted analysis for Psychosocial Summary score, significant factors from each of the five categories of predictive variables included maternal age at index visit, number of partner changes, maternal satisfaction with pregnancy, maternal satisfaction with caregiving at 6 months, maternal depression at 6 months, infant health symptoms, child's overall health at 5 years and child aggressive, internalizing or social/ attentional/thought behaviour problems at 5 years. In the adjusted analysis all factors except number of partner changes (P = 0.1) and aggressive behaviour problem at 5 years (P = 0.07) remained significant predictors of adolescent PSS score ( Table 4 ). The adjusted analysis was performed for 751 subjects with complete data for all variables. Subjects not included in the adjusted analysis were more likely to be young mothers (P = 0.004), to have depression at 5 years (P = 0.001) and to have female children (P = 0.003).
These analyses were repeated separately for males and females and results were generally similar, although the interpretation was affected by reduced numbers in certain categories. An important gender difference was noted for number of partner changes, which was significant for boys (P = 0.005) but not for girls (P = 0.4). There was also a difference in the effect of child behaviour problems at 5 years, with girls showing a significant association for all categories of behaviour problem, while for boys only internalizing behaviour problem was significant.
To determine if factors predicting PSS and PHS were related to particular domains of these summary scores, the relationship between significant predictors and individual scale domains was examined. In general, associations were significant across most domains.
Adolescent self report -Dartmouth COOP scale
The Dartmouth chart scores correlated with the PSS with Spearman rho coefficients between 0.14 and 0.3. However, the correlation was poor between the Dartmouth chart scores and PHS (rho = 0.006-0.070). To examine whether similar findings were present with adolescent rather than maternal reports of HR-QOL, the relationship between individual predictor factors and the results of the six Dartmouth COOP adolescent-completed charts (Emotional Feelings, Family Support, Social upport, Physical Fitness, Health Habits and Schoolwork) were examined.
'Emotional Feelings' were predicted by female gender (P < 0.001) and overall child health at 5 years (P < 0.01), and negatively predicted by maternal depression at 6 months post-partum (P = 0.02) and at 5 years (P < 0.01). 'Family Support' (how often the teenager was able to talk about problems, feelings or opinions with a family member) was predicted by overall child health at 5 years (P = 0.01) and negatively predicted by maternal depression at 6 months (P = 0.04). 'Social Support' (satisfaction with having someone to listen or help) was predicted by female gender (P = 0.02) and overall child health at 5 years (P = 0.02) and negatively predicted by maternal depression at 6 months (P = 0.05) and child internalizing behaviour problem at 5 years (P = 0.02). 'Physical Fitness' was negatively predicted by number of partner changes (P = 0.01) and by female gender (P < 0.01). 'Health Habits' (how often the teenager engaged in risk-taking behaviours such as smoking, alcohol consumption or unprotected sex) were predicted by maternal anxiety during pregnancy (P = 0.03), maternal anxiety in the first week postpartum (P = 0.04) and lack of maternal satisfaction with pregnancy (P = 0.02). 'Schoolwork' was positively associated with maternal age at first visit (P = 0.05).
Consistent with maternal reports, gender differences were apparent for adolescent Dartmouth scores. Number of partner changes showed a significant negative association with the Dartmouth charts of Emotional Feelings and Social Support for boys, but not girls. Girls experiencing internalizing behaviour problems at 5 years reported lower scores on the Social Support chart. Comparing boys and girls overall, girls reported poorer Physical Fitness (P < 0.01) and Emotional Feelings (P < 0.001) but better Social Support (P = 0.02).
DISCUSSION
This study has identified a number of early childhood determinants of adolescent HR-QOL. Psychosocial Summary Score was predicted by pregnancy and early childhood factors of social adversity, maternal mood disturbance and indicators of maternal-infant attachment. Child health and behaviour at 5 years also had a strong association with PSS scores in adolescence. For Physical Summary Score, the significant predictors were mostly biological factors. Analysis of the self-reported adolescent Dartmouth charts broadly confirmed the association between these early childhood factors and adolescent HR-QOL indicating this relationship was not due to maternal reporting bias. Consistent gender differences existed for both HR-QOL assessments with number of partner changes affecting males and child behaviour problems at 5 years, especially internalizing behaviour, being more predictive in females.
Though a number of studies have focussed on different aspects of continuity between early and later life, there are few studies that have examined the relationship between early childhood factors and later quality of life. In the Pathways to Adulthood Study 28 successful outcomes in terms of educational attainment, physical and mental health, financial independence and healthy lifestyle, were associated with maternal educational level at delivery, maternal age, child reading skills at 8 years, child academic performance and negatively associated with maternal smoking history and adolescent pregnancy. 28 Early childhood biological factors including gestation, birthweight and neurologic status did not show a significant association with educational outcome in adolescence. 28 In the present study maternal age at first visit was positively associated with Psychosocial summary score and with self-reported satisfaction with school performance on the Dartmouth chart. Academic performance (by grade level or peer ranking) is not included in the CHQ-PF50. These findings are consistent with previous research reviewed by Brooks-Gunn and Furstenberg concluding that children of adolescent mothers show higher rates of behaviour problems and poor academic achievement in high school. 29 In the current study gestation predicted physical quality of life scores, but not psychosocial scores. The Dunedin cohort study reported on factors linked with adolescent 'distress' 30 and on risk factors for psychopathology in adolescence and early adulthood. 31 Continuity existed between behaviour problems identified in early/middle childhood and those in adolescence. Factors predicting behavioural disorder at age 15 included parental separations for both boys and girls, and low social competence in boys. In addition, parental separations, low SES and cumulative disadvantage (summary score of parental separations, low SES, poor family support and poor maternal mental health) in childhood showed a strong association for behavioural disorder in later adolescence for boys, after adjusting for the presence of disorder at age 15. The authors conclude that boys appear to be more vulnerable than girls to early adversity. 31 Using data from the present birth cohort Najman et al. showed that marital instability and conflict were each associated with increased relative risk of child behaviour problems, however, males had higher rates of behaviour problems than females. 26 In the current study, number of partner changes in early childhood is a significant predictor for psychosocial quality of life in adolescent boys, based on both paternal and self-reports.
Literature in the field of infant psychology has established that infant attachment patterns predict later psychological and behavioural outcomes in adolescents. [32] [33] [34] [35] Although in the present study, attachment was not assessed clinically in terms of observable behaviour in the Strange Situation described by Ainsworth 32 maternal attitude to pregnancy and satisfaction with child rearing at 6 months were used as indicators of the maternal-infant relationship. Both factors showed a significant relationship with adolescent psychosocial quality of life scores, with lower scores for children of mothers who were ambivalent about pregnancy or who did not always derive satisfaction from caregiving to their infants.
The long-term effects on children of maternal psycho-pathology has also been extensively studied. Children of depressed mothers are more likely to experience disordered infant attachment and to exhibit both internalizing and externalizing behaviours in middle childhood. 33, 36, 37 In our cohort maternal depression reported at 6 months was a significant negative predictor of adolescent Psychosocial quality of life. Maternal reporting bias was an unlikely explanation for this relationship, since adolescent children of depressed mothers also reported poorer satisfaction/function on several self-rated domains of the Dartmouth charts. Longitudinal research of child behaviour/emotional problems has demonstrated substantial continuity between early and late childhood. 38, 39 Stranger et al. reported from a national sample of children aged 4-16 years that the presence of earlier behavioural/emotional problems was the best predictor of similar future problems. 27 The number of family members receiving mental health services was also a significant predictor. In an extensive review of the research literature on childhood behaviour problems, Campbell reports the association of childhood behaviour problems with a range of factors relating to both the parent/family and the child. 13 Early externalizing problems are associated with negative out-comes including continuing externalizing behaviour, which may be coexistent with internalizing problems and academic difficulties. 13 In our own study aggressive, internalizing and social/attentional/thought behaviour problems at 5 years showed a significant negative association with adolescent psychosocial quality of life by maternal report. On adolescent self-report an internalizing behaviour problem at 5 years was a significant predictor of poor satisfaction with Social Support, especially for girls.
Physical health-related quality of life was predicted by maternal health in pregnancy, gestation and maternal rating of overall child health at 5 years. Surprisingly PHS was positively related to hours per week of childcare outside the home. While the number of hours of childcare may be associated with more frequent respiratory infections, especially in infants, physical health may be promoted via childcare centre policies and practice in areas of nutrition, hygiene and injury prevention. On adolescent self-report child health at 5 years was predictive of Emotional Feelings, Family Support and Social Support. One explanation of this association is that a common factor influences maternal perception of child health and adolescent mental health and family relationships. Alternatively, because of childhood illness, the parent develops an internal representation of the child as 'vulnerable', resulting in an altered family dynamic and later psychological effects in the child. Forsyth and Canny found a significant association between problems of feeding and crying behaviour in infancy and both parental perceptions of vulnerability and behaviour problems at 3.5 years. 40 Due to differential attrition, this study may have under-estimated the effects on quality of life of social adversity. Mothers lost to follow-up were more likely to have low incomes, lower educational attainment, unmarried marital status and younger age at delivery. In a previous publication on this cohort we reported that the children of disadvantaged mothers had approximately twice the rate of a range of health problems, including respiratory infections, asthma, accidental injury and poor dental health. 15 In addition disadvantaged mothers were more likely to report that their child's health was poor or that activities were limited because of the child's health. However, on follow-up to 13 years chronic poverty in early childhood and maternal educational level at first antenatal visit, were not predictive of either physical or psychosocial quality of life, although other indicators of social adversity (e.g. maternal age, marital instability) were linked to psychosocial quality of life in adolescence. Data have been collected by questionnaire and represent the subjective perceptions of mothers and their adolescent children of their physical and psychosocial well-being. Objective assessment of physical and psychological health status would have required structured clinical interview and measurement of physical health parameters, however, this was limited by available research funding. Nevertheless, the subjective assessment of health status is important as research indicated that this has a significant impact on health service utilization and health outcomes. The domains of health-related quality of life overlap with a range of other specific outcome measures. This study does not seek to examine the relative merits of such a composite measure, though this is an important clinical issue.
This study used the US version of the CHQ-PF50 as the Australian version was not available at the time. Cross cultural adaption of the CHQ has occurred in many countries, including Australia and psychometric evaluations of the Questionnaire reported. 17 The factor structure for the Australian version of the CHQ-PF50 did not fully replicate the factor structure of the US version and caution was expressed in using the two summary scale measures, PHS and PSS. Although caution needs to be exercised in interpreting our findings using the US version ofthe questionnaire, the alpha values for individual scales and factor structure were consistent with there being two broad dimensions of physical (PHS) and social (PSS) well-being. The strengths of the present study include its prospective design, formal measurement of health-related quality of life and range of biological, family and social factors examined.
Our study confirms that the construct of health-related quality of life represents a complex interaction of multiple factors, some of which have origins in early life. The identification of early determinants of quality of life allows for the selection of vulnerable children for targeted early intervention projects. Researchers studying health-related quality of life need to consider early childhood determinants when evaluating life satisfaction and functional status in adolescence.
